Background: The aim of this study was to characterize coronary plaque composition of non-target lesions in diabetic patients using virtual histology intravascular ultrasound (VH-IVUS).
Introduction
Diabetes mellitus is associated with increased cardiovascular event rates especially when complicated by renal dysfunction [1] . There is a significant association between deteriorating renal function and increasing coronary morbidity and mortality rates [2] [3] [4] . Even mild renal dysfunction has been shown to have a significant impact on the clinical outcomes in diabetic patients [5, 6] . Characterization of plaque composition by intravascular ultrasound (IVUS) has played an important role in elucidating the atherosclerotic disease process in human coronary arteries. Conventional gray scale IVUS, however, is of limited value in analyzing atherosclerotic plaque composition. Virtual histology IVUS (VH-IVUS) uses spectral analysis of IVUS radio frequency (RF) data, demonstrating a potential to provide characteristics of plaque composition as fibrotic, fibro-fatty, calcified, and necrotic core [7] . A previous study has shown the feasibility of VH-IVUS for the analysis of plaque characterization in diabetic patients [8] . However, the impact of renal function on coronary atherosclerotic plaque composition has not been fully elucidated. Hence, the aim of this study is to evaluate the plaque composition of non-culprit lesion in diabetic patients with early and advanced renal impairment using VH-IVUS.
Methods

Study population
Between October 2005 and August 2007, non-culprit angiographically non-obstructive (<50% in diameter stenosis by angiography) lesions were investigated with VH-IVUS in 134 consecutive stable angina pectoris (SAP) patients. SAP was defined as no change in the frequency, duration, or intensity of symptoms within at least previous 6 weeks before intervention. Diabetes was defined as fulfilling either at least one of the following: (1) Hemoglobin A1c more than 6.4%; (2) patients treated with hypoglycemic agents (insulin or oral hypoglycemic drugs). Diabetic patients were further divided into four groups according to previously established categories [9] and epidemiology of chronic kidney disease (CKD) in Japan [10] [11] [12] : estimated glomerular filtration rate (eGFR) ≥70, 50 ≤ eGFR < 70, eGFR < 50, and end stage renal disease (ESRD) on hemodialysis (HD). The eGFR was calculated by modification of the diet in renal disease (MDRD) equation modified by a Japanese coefficient [12] using the baseline serum creatinine. Chronic total occlusions and ostial lesions were excluded from this study.
IVUS imaging and analysis
All VH-IVUS examinations were performed before scheduled coronary intervention. A 20 MHz, 3.2Fr, VH-IUVS catheter (Eagle Eye TM Gold, Volcano Corporation, Rancho Cordova, CA, USA) was pulled back automatically at a rate of 0.5 mm/s. We defined the non-culprit lesion as angiographically non-obstructive (<50% in diameter stenosis) 5 mm segment more than 5 mm proximal to the culprit lesion. Quantitative measurements were performed according to American College of Cardiology Clinical Expert Consensus Document on IVUS [13] . As previously described [14] , coronary plaque was classified into four different components (IVUSLab software, Volcano Corporation): fibrous was shown in green, fibro-fatty in greenish yellow, dense calcium in white, and necrotic core in red. Volumetric measurements were performed by tracing the external elastic membrane and lumen border, and the volumetric value of each plaque component was automatically calculated.
Statistical analysis
Statistical analyses were performed using StatView (SAS Institute, Cary, NC, USA). Quantitative data are presented as mean ± S.D.. Continuous variables were compared by unpaired Student's t-test or Mann-Whitney U-statistic test. Categorical variables (presented as frequencies) were compared using chi-square statistics or Fisher's exact probability test. Comparisons among the four groups were performed by analysis of variance (ANOVA) for independent samples and the chi-square test for comparison of categorical variables. A p < 0.05 was considered statistically significant for all analyses.
Results
Baseline clinical characteristics of the diabetic group and the non-diabetic group are presented in Table 1 . All diabetic patients had type 2 diabetes. The values of fasting blood glucose, glycosylated hemoglobin, and C-reactive protein (CRP) in the diabetic group were significantly higher than those in the non-diabetic group. Glomerular filtration rate in diabetes was significantly lower than that in non-diabetes. There was no significant difference between the groups in other parameters. Table 2 shows IVUS results comparing the diabetic group (DM) and the non-diabetic group (Non-DM). There was no significant difference in the volume parameters by grey-scale IVUS between the two groups. With regard to VH-IVUS, no significant difference in plaque composition was observed except for significantly larger dense calcium in diabetic patients.
The baseline characteristics of the four subgroups divided by renal function in the diabetic groups are shown in Table 3 . The results show lower cholesterol levels and higher CRP values in the dialysis patients. The comparison of IVUS analysis among diabetic patients according to renal function is shown in Table 4 . Dense calcium was significantly larger in the ESRD on HD group. As shown in Figs. 1 and 2 , the plaque composition showed a significant difference according to the renal function. The percent volume of necrotic core showed a stepwise increase in more advanced stages of Values are means ± S.D. Higher percent area of fibro-fatty was observed in milder renal impairment group, namely, 18.7% in the estimated glomerular filtration rate (eGFR) ≥70 group was significantly higher than 11.4% and 8.2% in the eGFR <50 group and the end stage renal disease (ESRD) on hemodialysis (HD) group, respectively (p < 0.05 and p < 0.01).
renal dysfunction. Conversely, higher percent volume of fibro-fatty plaque was observed in higher eGFR group.
Discussion
Diabetic patients had significantly larger dense calcium than non-diabetic patients in the present study. Our results also showed that VH-IVUS-defined necrotic core was more frequently observed according to the decline in renal function in diabetic patients. In our study, we found that dense calcium was significantly larger in the diabetic group than that in non-diabetics. Nasu et al. reported that diabetic patients had greater amounts of necrotic core and dense calcium than non-diabetic patients in culprit lesions of stable angina pectoris patients [8] . Our data on dense calcium in non-culprit lesions are compatible with their data, suggesting that the atherosclerotic process is not confined to the culprit lesion, but similar changes could be observed in other parts of coronary artery segments.
Both dense calcium and necrotic core was significantly larger in HD group than non-HD group. A previous gray scale IVUS study has shown that hemodialysis patients have larger lesion plaque mass and more lesion site calcification [9] . In the present imaging modality including EBCT, MDCT, gray scale IVUS, and VH-IVUS, it is difficult to distinguish between intimal atherosclerotic calcification and medial calcification related to dialysis which contributes to VH-IVUS derived calcium [15] [16] [17] [18] . Further studies will be needed to clarify the impact of dialysis and atherosclerosis on vascular calcification. We observed a larger amount of necrotic core in the dialysis group; however, this result needs to be interpreted with caution. Since VH-IVUS was reported to have difficulty distinguishing necrotic core from calcification in the initial study [7] , this result may suggest either the presence of higher percentage of necrotic tissue, or possible artifacts by increased amount of calcium in such patients.
CKD has become a major health care problem and it has been well-established that CKD is associated with higher mortality due to coronary artery disease rather than progress to ESRD [2] . Coronary artery calcification (CAC) is an independent predictor of coronary artery disease. Several previous studies using electron beam computed tomography and autopsy, have demonstrated that extensive CAC develops in patients with CKD even before initiating dialysis [19, 20] . Kramer et al. demonstrated that diabetic patients even without nephropathy had higher CAC score than non-diabetic CKD patients, and furthermore, among patients with diabetes, the more advanced stage of CKD greatly impacted the prevalence of CAC [21] . Several VH-IVUS studies have been reported with regard to the plaque composition in human coronary arteries. As previously described, diabetic patients had greater amounts of necrotic core and dense calcium than non-diabetics in culprit lesions of SAP [8] . Rodriguez-Granillo et al. [22] reported that VH-derived necrotic core in non-culprit lesion was significantly higher in acute coronary syndrome compared with SAP. However, VH-IVUS in CKD patients has not been systematically investigated.
In the present study, VH-IVUS-derived plaque composition was significantly different according to the deterioration of renal function. Increase in the percentage of VH-derived necrotic core and dense calcium was observed even in the mild renal insufficiency group (11.4% and 7.1% in 50 ≤ eGFR < 70). Our result is similar to that of a previous VH-IVUS study examining culprit lesions in diabetic SAP [8] . The percentage of VH-derived necrotic core was almost identical to another report on non-culprit lesions of acute coronary syndrome, which showed 12.3% of necrotic core. The percentage of necrotic core is increased [22] in the non-culprit lesion even in the early stage of renal insufficiency, suggesting that even mild renal impairment may significantly affect the plaque component in diabetic patients. It has been reported that mild renal insufficiency is associated with cardiovascular morbidity and mortality, and several potential explanations are provided for the excess cardiovascular risk in mild renal dysfunction [1, 23] . Our study suggests that declining renal function strongly affects plaque composition on diabetic patients. In view of the significantly greater risk for cardiovascular events in diabetic patients with renal insufficiency, vigorous coronary risk control may be indicated for such patients.
Limitations
This is a single-center study with a small number of patients, thus posing a risk for possible selection bias. The observation was done only in the vessel treated by PCI. In the present study, we defined the non-culprit lesion as 5 mm length analyzing by VH-IVUS, which comprises only a small part of the entire coronary arteries. A recent report suggests the plaque component identified by VH-IVUS may not correlate well with histological observation [24] . Our results may not correctly reflect the histological difference in vivo. There are several inherent limitations in volumetric analysis techniques as previously described [25] .
Conclusions
Our study suggests that diabetic patients have significantly larger amount of dense calcium than non-diabetic patients in non-culprit coronary artery segment and declining renal function strongly affects plaque composition in diabetic patients. Even mild renal impairment may significantly affect the plaque component. Further study is needed to elucidate the mechanism of how renal function affects the atherosclerotic process.
